Cardiovascular disease is the leading cause of mortality in China as well as worldwide. 1, 2 Hypertension is the most important risk factor for cardiovascular diseases, which accounts for nearly half of the cardiovascular morbidity and mortality in the world. 3 On the other hand, hypertension is a modifiable risk factor and the control of blood pressure (BP) is crucial in the prevention of adverse cardiovascular outcomes. However, hypertension can be asymptomatic. Timely and adequate prevention, detection, and control of hypertension is therefore an important public health challenge.
Background
Hypertension is the most important risk factor for cardiovascular diseases. Little information exists on the status of hypertension among southern Chinese. We therefore investigated the hypertension prevalence, awareness, treatment, control, and associated factors in a southern Chinese population with 85 million residents.
Methods
Stratified multistage cluster sampling with probability proportional to size method was used in this survey. a representative sample of 13,889 residents aged 20 years or above with completed questionnaire and blood pressure (BP) measurement was obtained. BP was measured in accordance with the 1999 World Health Organization/International Society of Hypertension Guidelines. Information related to history of diagnosis and treatment of hypertension was collected through questionnaire.
results
The prevalence of hypertension in this population was 20.5% (16.5%, 24.4%), which translated to 9.8 million adults suffering from hypertension in Guangdong province. The urban population had higher prevalence of hypertension than the rural population (25.1 vs. 16 .1%). The prevalence of awareness, treatment, and control of hypertension in hypertensive patients living in urban regions were 42.8, 37.9, and 13.5%, respectively, which were higher than those in rural regions (the corresponding figures were 17.6, 10.4, and 3.4%, respectively). Nearly 50% urban adults and 80% rural adults did not measure their BP in the last 12 months. Frequency of BP measurement was associated with both awareness and treatment.
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Hypertension in Southern Chinese
Guangdong is the province located in southern China consisting of 85 million permanent residents. Its capital is Canton, which is about 180 km north of Hong Kong. Cantonese people have relatively unique culture and lifestyle as compared to northern Chinese. In addition, Guangdong is the first province where the Chinese leader Deng Xiao Ping started the economic reform and open policy in 1979. When compared with other inland provinces, Guangdong is more economically developed and urbanized. Reports of hypertension on Cantonese population are relatively limited and Guangdong province was not included in the InterASIA study. 12 In order to elucidate the present situation of hypertension in this Cantonese population, we report the prevalence, awareness, treatment, and control of hypertension based on the data from the Guangdong Nutrition and Health Survey 2002 (GNHS 2002). 13, 14 
Methods
The GNHS 2002 was conducted by the Guangdong Province Center for Disease Control and Prevention and the Health Bureau of Guangdong Province in 2002. 13, 14 This survey corresponded with the China National Nutrition and Health Survey (CNNHS) 2002. [15] [16] [17] The sampling methods and survey protocols as well as the quality control for the GNHS 2002 were similar to those for the CNNHS 2002. The stratified multistage cluster sampling with probability proportional to size method was used in the present survey, and the sampling details have been described elsewhere. 13 The overall response rate for the survey was 89.5%. A total of 78 residential committees or villages and 7,180 households were included in the GNHS 2002 with 25,459 participants, representing the Guangdong provincial permanent residential population of 85,221,747 in 2000. 18 Ethics approval was obtained from the ethics committee of China Center for Disease Control. All participants gave informed consent before the survey.
A central survey site was set up in each residential committee or village and the participants were required to be interviewed and receive the health examination on-site. All interviews and examinations were conducted following standardized protocols by physicians who received training specifically for the GNHS 2002. The questionnaire interview collected a wide range of information including demographic characteristics, lifestyle, family, and personal disease histories. The information related to the history of diagnosis and treatment of hypertension was also collected through interview. Smoking was defined as currently smoking or having at least one cigarette daily for 6 months or above. Alcohol consumption was defined as currently or once having one drink at least once per week over the last 12 months. Physical exercise was defined as having at least one exercise per week. Family history of hypertension was defined as immediate relatives (grandparents, parents or sibling) having BP. The weight and height of the participants were measured with light indoor clothing without shoes. Waist circumference was measured horizontally around the smallest circumference between the ribs and iliac crest. Both weight and waist were measured in the morning before breakfast. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
The BP measurement was strictly in accordance with the 1999 World Health Organization/International Society of Hypertension guidelines on hypertension. 19 The standardized mercury sphygmomanometers were used for the measurement in the present study. Two consecutive readings of the BP on right arms were taken after the participant rested in a seated position for 5 min. The average of the two readings was used for analysis. Hypertension was defined as an average BP ≥140/90 mm Hg and/or if the participant was undertaking treatment of previously diagnosed hypertension. 20 Awareness of hypertension was self-reported defining as any previous diagnosis of hypertension by a health care professional. Treatment of hypertension was defined as taking antihypertensive drugs within the last 2 weeks at the time of the interview. Hypertension was considered as controlled among those on treatment if the average BP was ≤140/90 mm Hg.
The definitions and classification of BP levels (mm Hg) in the present study was based on the 2007 Guidelines for the Management of Arterial Hypertension. 21 Namely, optimal BP was defined as levels less than 120/80 mm Hg; normal BP was defined as systolic levels ranged 120-129 and/or diastolic levels ranged 80-84; high normal BP was defined as systolic levels ranged 130-139 and/or diastolic levels ranged 85-89; grade 1 hypertension was defined as systolic levels ranged 140-159 and/or diastolic BP levels ranged 90-99; grade 2 hypertension was defined as systolic levels ranged 160-179 and/or diastolic levels ranged 100-109; grade 3 hypertension was defined as systolic levels greater than 180 mm Hg and/or diastolic levels greater than 110 mm Hg; grade 2 and 3 hypertension were combined as one group in the present study due to the small number of cases.
There were 15,992 participants aged 20 years old or above in our survey. A total of 13,889 of them had completed questionnaire and BP measurement and were included in the present analysis (6,132 men and 7,757 women). All data analyses were performed using SAS software, version 9.2 (SAS Institute, Cary, NC). In a manner similar to our previous survey analysis for the US National Health and Nutrition Examination Survey (NHANES) and GNHS 2002, 13, 22 the survey design parameters including weight, stratum, and cluster were incorporated into all analyses. The weight was derived based on the Guangdong 2000 census and associated administrative data. The nonresponse information was also incorporated into the weight. PROC SURVEYMEANS and PROC SURVEYFREQ were used for the calculation of means and prevalence. All means and prevalence calculated in this study represented the overall estimates for the corresponding population aged 20 years or above in Guangdong province. PROC SURVEYREG and PROC SURVEYLOGISTIC were used to assess the differences between categories. The age-and/or sex-standardized prevalence of hypertension were calculated and the Guangdong 2000 census population data were used for the standardization. Two sided P values of less than 0.05 were considered statistically significant; 95% confidence intervals were calculated and presented. Domain statement was used for the subpopulation analyses.
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results
The mean age of this population was 45.2 (95% confidence interval: 43.8, 46.6) years old. Table 1 shows the general characteristics of the populations. Compared to the rural region, the urban population was older with more women. They were more educated, had higher BMI and waist circumference. The prevalence of smoking in urban population was lower, while they measured BP more often, and had higher prevalence of physical exercise and family history of hypertension. However, the BP levels were similar between urban and rural populations stratified by age groups.
The prevalence of hypertension in this southern Chinese adult population aged 20 years or older was 20.5% (16.5%, 24.4%), which translates to a total of 9.8 million adults who suffered from hypertension in the Guangdong province. The age-and sex-standardized prevalence of hypertension for the urban and rural populations were 22.0% (19.3%, 24.6%) and 15.5% (12.2%, 18.8%), respectively. Supplementary Table S1 online shows the prevalence of hypertension in the southern Chinese adult age 20 years or above by region, sex, and age. The prevalence increased dramatically with older age for males and females, as well as urban and rural populations.
Supplementary Table S2 online shows the distribution of BP level in this southern Chinese adult population; 78.3% urban adults and 84.1% rural adults had optimal BP. The prevalence of optimal BP level decreased with older age in both urban and rural populations. The prevalence of other BP level categories (normal, high normal, grade 1 hypertension, and grade 2 or 3 hypertension) increased with older age in both urban and rural populations. Table 2 shows the age-standardized prevalence of hypertension by BMI and waist circumference stratified by region and sex. The age-standardized prevalence of hypertension increased significantly with higher BMI and waist circumference in all strata. There were no differences in men between urban and rural areas for each BMI or waist circumference stratum. There were borderline significant differences in obese women (rural women had higher prevalence of hypertension in the stratum of BMI ≥28, while urban women had higher prevalence of hypertension in the stratum of waist between 80 and 89 cm). Table 3 shows the prevalence of awareness, treatment, and control among hypertensive patients in this southern Chinese population by region. The prevalence of awareness of hypertension in urban population was much higher than that in rural population. Similar situations were observed for treatment: the prevalence in the urban region were higher than that in the rural region either among all hypertensive patients or among those who were aware of their hypertensive conditions. Among all hypertensive patients, the prevalence of control in urban region was higher than that in rural region. However, the prevalence of control of hypertension among those treated were similar between patients living in urban and rural regions (35.7 vs. 32.9%, P = 0.80). Table 4 shows the factors associated with the prevalence of hypertension awareness, treatment, and control in the southern Chinese. After adjusting for the potential confounders, older age, obesity, physical exercise, family history of hypertension, and frequency of BP measurement were associated with higher prevalence of hypertension awareness in hypertensive patients; older age, urban region, frequency of BP measurement were associated with the higher prevalence of hypertension treatment in hypertensive patients who were aware of their conditions; smoking was borderline significantly associated with higher prevalence of hypertension control in hypertensive patients with treatment (P = 0.051).
discussion
The results of the representative, population-based GHNS 2002 show that the prevalence of hypertension was alarmingly high original contributions
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in this southern Chinese population at 20.5%, which means 1 in 5 adults aged 20 years or above suffered from hypertension. This translates into a total of 9.8 million adults having hypertension in the Guangdong province which has a population of 85 million. The urban population had higher prevalence of hypertension than the rural population (25.1 vs. 16.1%). Hypertension is associated with older age and higher BMI and waist circumference. The prevalence of awareness, treatment, and control of hypertension in urban hypertensive patients were much higher than those in rural patients. However, the prevalence of control of hypertension among those treated were similar between urban and rural patients (35.7 vs. 32.9%, P = 0.80). Older age, obesity, physical exercise, family history of hypertension, and frequency of BP measurement were associated with hypertension awareness, while older age, urban region, frequency of BP measurement were associated with hypertension treatment. Compared to the national figure of 18% reported by Wu et al. in a large Chinese population aged 18 years or above 16 , the prevalence in our population was a bit higher (20.5%). This is possibly because that Guangdong province is more economically developed compared with most other provinces in China, and that Wu's study included participants aged 18 and 19 years old. The prevalence of hypertension reported by Gu et al. was 27.2%, but this figure was for the national population aged 35-74 years old. 12 The prevalence of hypertension reported in northern and eastern provinces of China were much higher than that in our population. The prevalence were 46.6% in Beijing population aged 45 years or above, 37.8% in Liaoning population aged 35 years or above, 43.8% in rural Shandong population aged 25 years or above and 42.0% in inner Mongolian aged 35 years above (references). [5] [6] [7] [8] The prevalence in our population was similar to that in a rural Central Indian population of ages 30+ years in India, which is also a large developing country (reference). 23 Compared to the prevalence of hypertension (around 30%) in adults aged 18 years or above in the United States, 24 our adult population aged 20 years old or above had a relatively lower prevalence (20.5%). Our urban population had a prevalence of 25.1%, which is closer to the prevalence in the United States. However, the prevalence of awareness, treatment, and control among patients with hypertension in the urban region were 42.8, 37.9, and 13.50%, respectively, and in the rural region 17.6, 10.4, and 3.4%, respectively, which were much lower than those in the United States (the corresponding figures were 66.5, 53.7, and 33.1%, respectively). 24 The low prevalence of awareness, treatment, and control of hypertension among those patients with hypertension in this southern Chinese population are consistent with previous reports by Gu et al and Wu et al. 12, 16 Values are presented in percentage (95% confidence interval). a The cut-off points for the categories were based on "The guidelines for overweight and obesity control and prevention in Chinese adults. " 34 original contributions
In line with the low prevalence of awareness among hypertensive patients in this southern Chinese population, only 53.6% of the urban population measured their BP within the last 12 months, and the prevalence of BP measurement in rural region was especially low (21.6%). BP measurement was found to be associated with both hypertension awareness and treatment in our study. Urban region, which has better access to health care than rural region, was found to be associated with hypertension treatment. Our findings suggested that future public health policy should put more emphasis on Our study shows that the prevalence of treatment among hypertensive patients was low, but there was high prevalence of treatment among those aware in this southern Chinese population. The prevalence in urban region reached 88.4%, which was higher than most of those living in European industrial countries. 25 Aggressive marketing of antihypertensive drugs in China was one of the attributions to this phenomenon. 16, 26 However, compared to the control rate of 63.9% among those with hypertension treatment in the United States, the prevalence of control among those treated in this southern Chinese population was around 30%, which indicates the urgency of improvement for hypertension treatment in China. Hypertension control is crucial for those who are hypertensive. Previous clinical trials have shown that BP reduction can significantly reduce adverse cardiovascular events. [27] [28] [29] [30] Even a small reduction in BP could markedly reduce the risk of heart failure, stroke, and myocardial infarction. 20, 31 Therefore, hypertension patients are encouraged to actively seek treatment and clinicians need to overcome clinical inertia and step up treatment to reach the BP control target.
There are a number of risk factors associated with hypertension. Age and obesity are two well-known important risk factors. Our results show that the prevalence of hypertension for age group of 60-years were 9-10 times higher than those aged 20-39 years. With respect to BMI, the age-standardized prevalence of hypertension for those with BMI of ≥28 kg/m 2 were 2-5 times higher than those with BMI of <18.5 kg/m 2 . Similar findings were observed for waist circumference. Since age is not a modifiable risk factor, obesity is a major target for hypertension prevention and treatment. However, the increasing trend of obesity is unlikely to stop in the near future in China as this country is still in the second stage of the epidemiologic transition, where the increased prevalence of chronic disease is concomitant with urbanization and the country's economic development. 32 Furthermore, large proportion of rural population and the socioeconomic disparities may also contribute to the long-run increasing trend of hypertension in China in future. The high prevalence of chronic disease is generally apparent among the most educated and wealthy population at the early stage of economic development, and subsequently shifts downward overtime as people realize the health hazards of poor diet and lifestyle overtime; but the risk becomes simultaneously more prevalent in the least educated and more economically deprived population. 16, 33 Our results show that the prevalence of hypertension was high in this southern Chinese population. We estimated a total of 9.8 million southern Chinese adult residents have hypertension. This survey included a representative sample targeting to a large population with 85 million residents in southern China, which constitutes a major strength of this study. However, we should be very careful about the temporal relationship between the associated factors and awareness, treatment, and control because the present study is a cross-sectional design. For example, people may have higher frequency of BP measurement after they are aware of their hypertensive conditions. Furthermore, more surveys are needed to assess the changes in trends of the prevalence of hypertension in this population. Ong et al. reported that the prevalence of hypertension has not increased significantly since 1999 in the United States. 24 They postulated that the lack of further increase in BMI in the population was the major contribution. Another reason they postulated was the better publicity, education, and health care. 24 However, China is still the largest developing country and has the fastest economic development in the world. As China increases its rate of modernization and becomes more urbanized, more people are likely to have increasingly sedentary lifestyles and consumption of energy-dense diets. The prevalence of hypertension and related vascular disease is therefore expected to increase. This increasing trend would be more alarming in rural region because of the rapid urbanization and the relatively lower level of education and health care. The implementation of public health strategies to avoid the adoption of unhealthy lifestyle that is conducive to the development of hypertension and other cardiovascular diseases during the process of urbanization represents one of the biggest challenges to public health in the further economic development in China. Clearly, without aggressive prevention and treatment of these conditions, the potential socioeconomic, medical, and societal ramifications in China could be overwhelming. Urgent public health actions are needed to control this observed worsening situation in China.
